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(54) Utie: LAMINATED MAGNETIC CORE FOR ELECTRIC MACHI?^ 

(57) Abstract 4h6 

The present invention relates to a lam- 
inated magnetic core for rotating electric ma- 
chines. The laminated magnetic core comprises 
a number of stack members (40), each con- 
sisting f a number of sheets of metal joined 
tog thcr. Each stack member (40) is pro- 
vided with two identical grooves (42) arranged 
to cooperate with wedge members (46) de- 
signed to join the stack members (40). The 
crx>ss-scctional area of the groove (42) is larger 
kthan the cross-sectional area of the wedge 
member (46) and the wedge member (46) has 
two protrusions arranged symmetrically In re- 
lation to the longitudinal axis of the wedge 
member. The groove (42) has at least one part 
shaped to fit said protrusion. The stack mem- 
bets (40) in the laminated magnetic core are 

Sposite each othJwIth the wedge memben (46) ananged in the grooves (42) and a protrusion »^*"f aXtiS 
dSTpoove (42) in such a manner ftat the stack membeni (40) in one layer are secured counter-clockw«c m «^g«"^ ^ 
Z E members in at least one of the adjacent laye« are secured clockwise in tengenual dH^ti«^ ^^^^^^s^n^ 
includes locking members airanged at least at the transition between layers secured clockwise and layers secured counter-clockwise 
t prevent tangential m vement between the different layers. 
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Laminated magnetic core for e lectric machines. 
TECHNICAL FIELD: 

The present invention relates to a laminated magnetic core for rotating electric 
5 machines and a rotating electric machine comprising such laminated magnetic 
core. 

^ The machine is in the first place intended as a generator in a power station for 

^ > generating electric power. 

10 

The invention is applicable to rotating electric machines such as synchronous 
machines and normal asynchronous machines. The invention is also applicable to 
other electric machines such as dual-fed machines and applications in 
asynchronous static current converter cascades, outerpole machines and 
15 synchronous flow machines provided their windings are manufactured with 
insulating electric conductors, and preferably for high voltages. High voltages 
shall be understood here to mean electric voltages in excess of 10 kV. 

BACKGROUND ART: 
20 Similar machines have conventionally been designed for voltages in the range 
15-30kV, and 30 kV has normally been considered to be an upper limit. This 
usually means that a generator must be- connected to the power network via a 
transformer which steps up the voltage to the level of the power network - in the 
ranee of approximately 1 30-400 kV. 

25 

A machine which can operate at higher power levels and which can be directly 
cormected to a power network is known from PCT/SE97/00874. 

The laminations in laminated 5tator cores (laminated magnetic cores) for large 
30 electric machines are normally laid one by one with overlap in such a way that 
grooves in the laminations match facing surfaces in the dovetail-shaped wedge of 
the stator frame. (See Figure 2.) To enable the lamination to assume its position it 
is bent sufficiently for the dovetail-shaped groove part to pass the surface of the 
dovetail-shaped wedge. This method of manufacture is relatively complicated, 
35 time-consuming and thus expensive. 
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SUMMARY OF THE INVENTION: 

The object of the present invention is to solve the problems mentioned above. 
This is achieved with a laminated magnetic core for rotating electric machines as 
defined in claim 1, and a rotating electric machine comprising a laminated 
5 magnetic core of the type described above as defined in claim 10. The laminated 
magnetic core according to the present invention comprises a number of stack 
members, each consisting of a number of sheets of metal joined together. Each 
stack member is provided with two identical grooves arranged to cooperate with 
wedge members designed to join the stack members together. Each wedge 

10 member has two protrusions arranged symmetrically in relation to the longitudinal 
axis of the wedge member. Each groove in the stack member has at least one part 
shaped to fit said protrusion. The stack members in the laminated magnetic core 
are stacked on and partially overlapping each other to form different layers of 
stack members, the grooves in the stack members in the various layers being 

15 arranged substantially opposite each other. The wedge members are arranged in 
the grooves with a protrusion abutting the complementary sh^e of the groove in 
such a manner that the stack members in one layer are secured counter-clockwise 
in tangential direction and that the stack members in at least one of the adjacent 
layers are secured clockwise in tangential direction. The laminated magnetic core 

20 also includes locking members arranged at least at the transition between layers 
secured clockwise and layers secured counter-clockwise in order to prevent 
tangential movement between the different layers. 

The above-mentioned laminated magnetic core according to the present invention 
25 is easy and quick to manufacture. It is thus also relatively inexpensive to 
manufacture. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

The invention will be explained in more detail in the follov^dng description of 
30 preferred embodiments thereof, with reference to the accompanying drawings in 
which 



Figure 1 



shows a cross-sectional view of a high-voltage cable; 
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Figure 2 shows a side view of a sheet of metal and a part of a wedge member 
according to the state of the art. which is included in a laminated 
magnetic core according to the state of the art; 

5 Figure 3 shows a basic diagram explaining how the various sheets of metal 
are joined in relation to each other in a laminated magnetic core 
according to the state of the art; 

Figure 4 shows a side view of a stack member and a part of wedge members 
10 included in a laminated magnetic core according to a first 

embodiment of the present invention; 

Figure 5 shows a side view on an enlarged scale of how stack members in 
different layers are joined together by means of the wedge member 
15 in a laminated magnetic core according to the first embodiment of 

the present invention; 

Figure 6 shows a side view of a laminated magnetic core according to the 
present invention; and 

20 " 
Figure 7 shows a side view on an enlarged scale of how stack members in 
different layers are joined together by means of the wedge member 
in a laminated magnetic core according to a second embodiment of 
the present invention. 

25 

Figure 8 shows a side view of a stack member according to an alternative 
embodiment of the invention. 



DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION: 
30 Figtzre 1 shows a cross-sectional view of a high- voltage cable 10 which is 
traditionally used for conducting electric power. The high- voltage cable 10 may 
be a standard PEX-cable 145 kV but without sheath or screen. The high-voltage 
cable 1 0 comprises an electric conductor that may consist of one or more strand 
parts 1 2 made of copper (Cu), for instance, and having circular cross section. 
35 These strand parts 12 are arranged in the middle of the high- voltage cable 10. 
Around the strand parts 12 is a first semiconducting layer 14. Around the first 
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semiconducting layer 14 is a first insulating layer 16, e.g. PEX insulation. Around 
the first insulating layer 16 is a second semiconducting layer 18. 

Figure 2 shows a side view of a sheet of metal 20 and a part of a wedge member 
5 22 according to the state of the art included in a laminated magnetic core 
according to the state of the art. Each sheet of metal 20 is normally 0.35-0.50 mm 
thick and is provided with two grooves 24 arranged along the outer long side of 
the sheet 20. As can be seen in Figure 2, the inner and outer long sides of the 
sheet 20 have different radii or curvature so that when the sheets 20 are fitted 

1 0 together to form a laminated magnetic core it will be cylindrical. The sheets 20 
are also provided with a number of slots 26 arranged along the inner long side. 
These slots 26 are intended for stator windings in the assembled laminated 
magnetic core. The wedge members 22 (only a part of one wedge member 22 is 
shown) are arranged on the stator frame (not shown) and have a dovetail-shaped 

1 5 cross section at the end shown. The grooves 24 arranged along the outer long side 
of the metal sheet 20 have an inclined flank 28 and a straight, perpendicular flank 
30. As can be seen in Figure 2 both the inclined flanks 28 of the grooves 24 in 
each metal sheet 20 face each other. When the metal sheets 20 are to be 
assembled to form a laminated magnetic core, they are applied one by one and 

20 partially overlapping each other (see Figure 3). The wedge members 22 are 
permanently arranged on the stator frame and have a length in a direction 
perpendicular to the drawing that is equal to the length of the laminated magnetic 
core. To enable a metal sheet 20 to assumes its proper position the metal sheet 20 
must be bent so far that the inclined flanks 28 of the grooves 24 can pass the 

25 dovetail-shaped surfaces of the member 22. This means that the inclined flanges 
28 of the metal sheet 20 match facing surfaces of the dovetail-shaped wedge 
member 22. 

Figure 3 shows a basic diagram explaining how the different metal sheets are 
30 joined in relation to each other in a laminated magnetic core according to the state 
of the art. The sheets and wedges used may be as shovm in Figure 2, for instance. 
Figure 3 shows four laminations 20\ 20", 20" \ 20"" where the sheets 20' and 
20" are arranged in the lower layer and the sheets 20" ' and 20" " are arranged in 
the upper layer. As can be seen in Figure 3, the sheets 20"* and 20"' are arranged 
35 partially overlapping so that one and the same wedge member (not shown, but 
intimated at 32') is arranged in the right groove of the sheet 20' and in the left 
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eroove of the sheet 20" \ In corresponding manner the sheets 20" and 20"^ are 
assembled partially overlapping so that one and the same wedge member (not 
shown, but intimated at 32") is arranged in the right groove of the sheet 20"' and 
in the left groove of the sheet 20". The laminations are thus assembled one by 
5 one in order to produce a laminated magnetic core according to the state of the art. 
As pointed out in connection with Figure 2, each lamination must be bent 
sufficiently to allow assembly. 

Figure 4 shows a side view of a stack member and a part of wedge members in a 

1 0 laminated magnetic core according to a first embodiment of the present invention. 
Each stack member 40 comprises a number of metal sheets joined together. The 
metal sheets may have a thickness of 0.35 - 0.50 mm, for instance. Each stack 
member 40 comprises 50 - 100 sheets, for instance, which have been glued 
together. Each stack member 40 comprises two identical grooves 42 arranged 

1 5 along the outer long side of the stack member 40. As can be seen in Figure 4, the 
inner and outer long sides of the stack member 40 have different radii of curvature 
so that when the stack members 40 are assembled to a laminated magnetic core it 
will be cylindrical. The stack members 40 are also provided with a number of 
slots 44 arranged along the inner long side of the stack member 40. These slots 44 

20 are intended for the stator windings in the assembled laminated magnetic core. 
The laminated magnetic core also comprises wedge members 46 (shown only 
partially) which are arranged on the stator frame (not shown) and have a dovetail- 
shaped cross section at the end shown (see also Figure 5). The grooves 42 
arranged along the outer long side of the stack member 40 have an inclined flank 

25 48 and a straight, perpendicular flank 50. As can be seen in Figure 4. both the 
inclined flanks 48 face the same way, i.e. they do not face each other as is the case 
with the lamination shown in Figure 2. Furthermore, the entrance of the groove 
42 is vsader than the greatest width of the wedge member 46, This is shown even 
more clearly in Figure 5. The main reason for the grooves 42 being shaped like 

30 this is that the stack members, comprising 50- 100 laminations glued together, 
cannot be bent as is the case with individual laminations according to Figure 2. 
When assembling a laminated magnetic core a stack member 40 is positioned by 
the two wedge members 46 being inserted into the grooves 42, after which the 
stack member 40 is displaced to the right in this case so that the inclined flanks 48 
35 abut the dovetail shape of the wedge member. This stack member 40 is thus 
secured against clockwise movement in tangential direction. The next, partially 
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overlapping stack member 40' (see Figures 5 and 6) to be assembled is first 
mirror-inverted so that the inclined flanges 48' of the grooves 42' are on the right 
instead of the left side of the grooves 42, 42\ Thereafter the mirror-inverted stack 
member is positioned by inserting the two wedge members 46 into the grooves 
5 42', after which the stack member is displaced to the left in this case so that the 
inclined flanks 48' abut the dovetail shape of the wedge members 46. This stack 
member 40' is thus secured against counter-clockwise movement in tangential 
direction. The arrangement of a locking member at the transition between the 
stack members 40 and 40' in this position, causes these stack members 40 and 40' 
10 to be secured against tangential movement in both directions. This locking 
member may consist of a spot weld. (See Figure 6.) 

Figure 6 shows a side view of a laminated magnetic core in accordance with the 
invention. As can be seen in Figure 6 the stack members are arranged in different 

15 layers and partially overlapping like bricks in a wall, for instance. The stack 
members in alternative layers are indicated by reference designations 40 and the 
stack members in the other layers are indicated by reference designations 40'. 
This means that the stiack members 40' are mirror-inverted in relation to the stack 
members 40. It also means that all stack members 40 are secured against counter- 

20 clockwise movement in tangential direction thanks to being locked against the 
wedge members. This is indicated by the arrow A in Figure 6. The stack 
members 40', on the other hand, are secured against clockwise movement in 
tangential direction, thanks to their being locked against the wedge members. 
This is indicated by the arrow B in Figure 6. If now locking members 52 in the 

25 form of spot welds 52 are arranged at at least alternate transitions between stack 
members 40 secured against counter-clockwise movement in tangential direction 
and stack members 40' secured against clockwise movement in tangential 
direction, tangential movement is prevented between the different layers. One 
variant is to arrange a linear weld instead of these spot welds 52. 

30 

The grooves in the stack members intended for the wedge member need not have 
the cross section illustrated. The grooves may also have dovetail shape and still 
provide a similar function to that described in connection with Figures 4-6. If 
dovetail-shaped grooves are used the stack members in alternate layers need not be 
35 mirror-inverted. On the other hand, different stack members must be made for 
each layer. This is because, when the laminated magnetic core is assembled the 
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slots 44 for the stalor windings must coincide. The slots 44 cannot therefore be 
arranged in the same way for stack members intended for different layers. 

Figure 7 shows a side view on an enlarged scale of how stack members in 
5 different layers are joined together by means of the wedge member in a laminated 
magnetic core according to a second embodiment of the present invention. As can 
be seen in Figure 7 the wedge member 70 does not have a dovetail-shaped cross 
section, but two protrusions 72 arranged symmetrically in relation to the 
longitudinal axis of the wedge member 70. In this example the cross section of 

10 the protrusion 72 is in the shape of a semi-circle. Figure 7 also shows part of a 
stack member 74 located in one layer and a stack member 74' located in an 
adjacent layer. Each stack member 74, 74' is provided with two grooves 76, 76' 
(only one groove is shown in the Figure) in a corresponding manner to the 
embodiment shown in Figures 4 - 5. The grooves 76, 76' have a part in the form 

15 of a recess 78, 78' with a form that fits the prou^sion 72 on the wedge member 70. 
In this example the cross-sectional shape of the recess 78, 78' is a semi-circle. 
The grooves 76, 76' are then defined by a straight, perpendicular flank 80, 80. As 
can be seen in Figure 7 the entrance to the grooves 76, 76' is larger than the 
greatest width of the cross section of the wedge member 70. The recess 78 of the 

20 groove 76 in the stack member 74 abuts the left-hand protrusion 72 of the wedge 
member 70 and secures the stack member 74 against clockwise movement in 
tangential direction. The recess 78' of the groove 76' in the stack member 74' 
abuts the right-hand protrusion 72 of the wedge member 70 and secures the stack 
member 74' against counter-clockwise movement in tangential direction. By 

25 applying a spot weld (not shown) in a manner corresponding to that described with 
reference to Figure 6, the stack members 74, 74' are secured against tangential 
movement in both directions. 

The cross sections of the recess of the wedge member and of the grooves intended 
30 for the wedge member need not be limited to the embodiments shown. The 
protrusion on the wedge member may be rectangular, for instance. The important 
thing is that the groove has at least one part with complementary shape to said 
protrusion so that locking occurs in a tangential direction when the groove is in 
contact with the protrusion on the wedge member. 

35 
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Figure 8 shows an alternative embodiment of the invention used for stack 
members where the slots 44b for the cable windings have a profile similar to a 
bicycle chain so that each cable part (in the Figure symbolised by a small circle) is 
situated in a wider part of the slot, and these parts are separated by narrower waist 
parts. 

The invention is not limited to the embodiments shown. Several modifications are 
feasible within the scope of the invention. 
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CLAIMS 

1 A laminated magnetic core for rotating electric machines, 

characterized in that said laminated magnetic core comprises a 
5 number of stack members (40, 40'; 74, 74'), each consisting of a number of sheets 
of metal joined together, each stack member (40, 40'; 74, 74') being provided with 
two identical grooves (42, 42'; 76, 76') arranged to cooperate with wedge 
members (46; 70), the cross-sectional area of the groove (42, 42'; 76, 76') being 
larger than the cross-sectional area of the wedge member (46; 70), the wedge 

10 member (46; 70) having two protrusions (43; 72) arranged symmetrically in 
relation to the longitudinal axis of the wedge member, said groove (42, 42'; 76, 
76') having at least one part shaped to fit said protrusion (72), the. stack members 
(40, 40'; 74. 74') in the laminated magnetic core being stacked on and partially 
overlapping each other to form different layers of stack members (40, 40'; 74, 

15 74'), the grooves (42, 42'; 76, 76') in the stack members (40, 40'; 74, 74') in the 
various layers being arranged substantially opposite each other with the wedge 
members (46; 70) arranged in the grooves (42, 42'; 76, 76') with a protrusion (43; 
72) abutting the complementary shape of the groove (42, 42'; 76, 76') in such a 
maxmer that the stack members (40; 74) in one layer are secured counter-clockwise 

20 in tangential direction and that the stack members (40'; 74') in at least one of the 
adjacent layers are secured clockwise in tangential direction, and also in that the 
laminated magnetic core includes locking members (52) arranged at least at the 
transition between layers secured clockwise and layers secured counter-clockwise 
in order to prevent tangential movement between the different layers. 

25 

2, A laminated magnetic core as claimed in claim 1, 
characterized in that the at least one part of each groove (42, 42'; 76, 
76') with a shape complementary to the protrusion (72) of the wedge member (46; 
70), is arranged on the same side of the grooves (42, 42'; 76, 76') in each stack 

30 member (40, 40'; 74, 74'). 

3, A laminated magnetic core as claimed in claim 2, 
characterized in that the wedge member (46) has dovetail-shaped 
cross section, and in that the entrance to the groove (42, 42') is larger than the 

35 greatest width of the cross section of the wedge member (46). 
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4 laminated magnetic core as claimed in claim 3. 

characterized in that the cross section of the groove (42, 42*) has one 
part with a shape complementary to said dovetail shape and one part which is 
rectangular in shape. 

5 

5. A laminated magnetic core as claimed in any of claims 1-4, 
characterized in that the stack members (40, 40'; 74, 74') in the 
various layers are arranged in such a maimer that the stack members (40; 74) in 
one layer are mirror-inverted in relation to the stack members (40'; 74') in at least 

1 0 one of the adjacent layers. 

6. A laminated magnetic core as claimed in claim 5, 
characterized in that each groove has dovetail -shaped cross section. 

15 7. A laminated magnetic core as claimed in any of claims 1-6, 

characterized in that said locking device (52) consists of a spot weld 
(52), said spot welds (52) being arranged so that each stack member (40, 40'; 74, 
74') is joined by spot welds to two other stack members (40, 40'; 74. 74') 
arranged in an adjacent layer. 

20 

8. A laminated magnetic core as claimed in any of claims 1-6, 

characterized in that said locking means consists of a linear weld that 
joins all adjacent layers of stack members (40, 40'; 74, 74') with each other. 

25 9. A laminated magnetic core as claimed in any of claims 1-8, 

characterized in that each stack member (40, 40' : 74, 74') comprises 
an equally large number of metal sheets, and that said number is 50 - 1 00. 



10. A rotating electric machine comprising a laminated magnetic core as 

30 claimed in any of claims 1-9. 
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AMENDED CLAIMS 

[received by the International Bureau on 31 March 1998 (31.03.98) ; 
original claims 1 and 3 amended ; remaining claims unchanged (2 pages)] 

1. A laminated magnetic core for rotating electric machines, wherein 
said laminated magnetic core comprises a number of stack members (40, 40'; 74, 

5 74'), each consisting of a number of sheets of metal joined together, each stack 
member (40, 40'; 74, 74*) being provided with two identical grooves (42, 42'; 76, 
76') arranged to cooperate with wedge members (46; 70), designed to join said 
stack members (40, 40': 74, 74') together, characterized in that the cross- 
sectional area of the groove (42, 42'; 76, 76') being larger than the cross-sectional 

1 0 area of the wedge member (46; 70), and in that the entrance to the groove (42, 42') 
is larger than the greatest width of the cross section of the wedgemember (46: 70), 
the wedge member (46; 70) having two protrusions (43; 72) arranged 
symmetrically in relation to the longitudinal axis of the wedge member, said 
groove (42, 42'; 76, 76') having at least one part shaped to fit said protrusion (72), 

15 the stack members (40, 40'; 74, 74') in the laminated magnetic core being stacked 
on and partially overlapping each other to form different layers of stack members 
(40, 40'; 74, 74'), the grooves (42, 42'; 76, 76') in the stack members (40, 40'; 74, 
74') in the various layers being arranged substantially opposite each other with the 
wedge members (46; 70) arranged in the grooves (42, 42'; 76, 76') with a 

20 protrusion (43; 72) abutting the complementary shape of the groove (42, 42'; 76, 
76') in such a manner that the stack members (40; 74) in one layer are secured 
counter-clockwise in tangential direction and that the stack members (40'; 74') in 
at least one of the adjacent layers are secured clockwise in tangential direction, and 
also in that the laminated magnetic core includes locking members (52) arranged 

25 at least at the transition between layers secured clockwise and layers secured 
coimter-clockwise in order to prevent tangential movement between the different 
layers. 

2. A laminated magnetic core as claimed in claim L characterized in 
30 that the at least one part of each groove (42, 42'; 76, 76') with a shape 

complementary to the protrusion (72) of the wedge member (46; 70), is arranged 
on the same side of the grooves (42, 42'; 76, 76') in each stack member (40, 40'; 
74, 74'). 

35 3. A laminated magnetic core as claimed in claim 2. characterized in 

that the wedge member (46) has dovetail-shaped cross section. 



AMENDED SHEET (ARTICLE 19) 
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4. A laminated magnetic core as claimed in claim 3, characterized in 
that the cross section of the groove (42, 42') has one part with a shape 
complementary to said dovetail shape and one part which is rectangular in shape. 

5 

5. A laminated magnetic core as claimed in any of claims 1-4, 
characterized in that the stack members (40, 40'; 74, 74') in the various layers are 
arranged in such a manner that the stack members (40; 74) in one layer are mirror- 
inverted in relation to the stack members (40'; 74') in at least one of the adjacent 

1 0 layers. 

6. A laminated magnetic core as claimed in claim 5, characterized in 
that each groove has dovetail-shaped cross section, 

15 7. A laminated magnetic core as claimed in any of claims 1 -6, 

characterized in that said locking device (52) consists of a spot weld (52), said 
spot welds (52) being arranged so that each stack member (40, 40'; 74, 74') is 
joined by spot welds to two other stack members (40, 40'; 74. 74') arranged in an 
adjacent layer. 

20 

8. A laminated magnetic core as claimed in any of claims 1-6, 

characterized in that said locking means consists of a linear weld that joins all 
adjacent layers of stack members (40, 40'; 74, 74') with each other. 

25 9. A laminated magnetic core as claimed in any of claims 1-8, 

characterized in that each stack member (40, 40': 74, 74') comprises an equally 
large number of metal sheets, and that said number is 50 - 100. 

10. A rotating electric machine comprising a laminated magnetic core as 

30 claimed in any of claims 1-9. 
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